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ABSTRACT

Jeju island is one of the highest rainfail areas in the Korean peninsular. However, variation in rainfall amount is much
great with years, which resulted in substantial variation in annual groundwater recharge and sustainable yield. Therefore,
to cope with groundwater hazard including sea water intrusion and water level decline in accordance with successive
extreme drought, Jeju province established a stepwise action system, in which management of representative monitoring
wells and corresponding actions to water level conditions was enforced. In this study, rainfall and groundwater monitoring
data were analyzed to determine management groundwater level on Jeju island. First, rainfall data for last 30 years were
analyzed, which yielded a lower limit of rainfall at a confidence level of 99% as a basis rainfall. Only when the rainfall
less than the basis rainfall was sustained over 3 months, the water levels were targeted for the analysis. For the water level
data selected using the above criteria, the lower limit of 99% confidence interval was determined as a reference
groundwater level. Finally, some ratios of reference groundwater level was determined as stepwise management
groundwater level on Jeju island. :
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Table 1. Variations in Groundwater Recharge and Sustainable
Yield with respect to Annual Rainfall

Annual Groundwater  Sustainable
rainfall recharge yield
(mm) (10%/day) (10%/day)
Ordinary year
(1993-2002) 1,975 4,329 1,768
Rainy year
(1999) 2,945 6,550 2,681
Dry year
(1996) 1,419 2,645 1,062
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Table 2. Weather Stations on Jeju Island
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Rainfall Data
Analysis ’ o Analyze rainfall data for 30 years

level of 99%
= Extract the period when the rainfalf less than the

+Drive lower limit of rainfalls for a confidence
lower limit sustained over than 3 months

Groundwater Level
Data Analysis

= Extract groundwater level data in the period
extracted in previous rainfall data analysis

@ = Drive lower limit of groundwater levels for a
confidence level of 99%

* Determine the lower limit of 99% confidence
interval as reference groundwater level

Determination of

Management
Groundwater Level

—

Fig. 1. Procedure for determining the management groundwater
levels on Jeju island.

» Determine the management groundwater level using
the reference groundwater leve)
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Location
Station Operated since
Address Latitude Longitude  Altitude (m)
Jeju Jeju-Si Geonip-Dong 1123-13 33°51'04 126°16'03 22.0 1923. 5
Seogwipo Seogwipo-Si Seogwi-Dong 538 33°26'04 126°56'05 51.9 1961. 1
Seongsanpo Namjeju-Gun Seongsan-Up Sinsan-Ri 685-4  33°38'07 126°08'08 17.5 1971. 5
Gosan Bukjeju-Gun Hangyung-Myun Gosan-Ri 3762 33°29'04 126°16'03 71.7 1988. 5
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Table 3. Statistical Analysis of Rainfall Data (Unit: mm)

Confidence level of 99%

Station Data Interval Max. Min. Mean St dev.
Upper Limit Lower Limit
Syr 706.0 10.7 140.0 139.0 191.0 88.8
Jeju 10yr 706.0 45 123.0 148.0 154.0 916
30yr 706.0 45 122.1 131.0 138.0 106.0
Syr 918.0 47 168.0 160.0 223.0 113.0
Seogwipo 10yr 918.0 1.8 162.0 153.0 198.0 125.0
30yr 918.0 0.7 155.0 139.0 174.0 136.0
Syr 628.0 6.5 159.0 131.0 204.0 115.0
Seongsanpo 10yr . 783.0 6.5 157.0 139.0 190.0 124.0
30yr 841.0 0.5 153.0 133.0 171.0 135.0
Syt 576.0 7.4 105.0 107.0 141.0 67.8
Gosan 10yr 576.0 5.0 91.5 924 114.0 69.4
30yr 596.0 4.0 97.6 90.8 110.0 85.2

Ao T3 99% A7 ERt 3k 7 A’k
ARE A3 71F Ao ARIH[T o) wE A
RE 7E A AR BRGe AF FPde
106.0 mm, B5F-9 MAZZFNY 1357 mm, 55
Ao A=A 1352 mm, 2B ME-FY
TA713e] 852 mme|tH(Table 3).
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Fig. 2. Monitoring wells on Jeju island.

1 Aewol, 2 Sineom, 3 Sanggwi, 4 Susan, 5 Oedo, 6 Tho, 7 Yongdam,
8 Yeondong, 9 Ora, 10 Donam, 11 Ido, 12 Doryeon, 13 Sinchon,
14 Dacheul, 15 Sinheung, 16 Hamdeok1 17 Hamdeok2, 18 Seonheul,
19 Jocheon, 20 Seogimnyeong, 21 gimnyeong, 22 Haengwonl,
23 Haengwon2, 24 Handong (per), 25 Sangdo, 26 Goseong, 27 Sinyang,
28 Nansan, 29 Hacheon, 30 Sinheungl, 31 Sinheung, 32 Sinheung?2,
33 Fuigwil, 34 Euigwi2, 35 Taeheung, 36 Namwon, 37 Sinrye,
38 Topueong, 39 Bomok, 40 Yongheung, 41 Jungmun, 42 Yerye,
43 Hwasun, 44 anseong, 45 Gosan, 46 Nakcheon, 47 Geumak,
48 Hanwon, 49 Myeongwol, 50 Suwon, A Handongl, B Handong2,
C Handong3, D Handong4, E Susanl, F Susan2, G Susan3,
H Susan4
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Table 4. Statistical Analysis of Groundwater Level Data
Name of Number of Confidence Level of 99% Basis
Basin .. Data Set Max. Min. Mean St dev. .
Monitoring Wells (ca) Upper Limit Lower Limit Rainfall
Sanggwi 4 27.13 19.57 23.23 327 32.79 13.66
Susan 9 6.81 -0.59 2.80 2.79 5.93 -0.32
Sineom 16 14.03 3.49 9.83 3.38 IFp! IFP
Aewol 1 3.05 3.05 3.05 - D’ D
Doryeon 1 5.51 5.51 5.51 - ID ID
Ora 1 92.63 92.63 92.63 - ID ID
Yongdam 7 7.47 5.83 6.65 0.56 7.44 5.86
Donam 16 2235 9.54 13.78 4.14 16.83 10.73
Yeondong 10 4557 13.20 26.42 14.15 40.96 11.88 106.0 mm
North Ido 9 16.02 3.09 6.75 3.74 10.94 257 (Jeju. Station)
Oedo 10 26.49 9.57 15.46 6.04 21.67 9.25
Tho 22 20.50 6.59 14.34 3.56 IFP IFP
Seonheul 12 1.81 0.11 0.49 0.55 0.98 0.00
Sinheung 1 0.76 0.76 0.76 - ID D
Hamdeok1 8 3.43 0.80 1.91 0.96 3.10 0.73
Jocheon 12 0.54 -0.08 0.33 0.16 IFP IFP
Sinchon 12 1.61 1.12 1.28 0.16 1.42 114
Dacheul 8 8.22 393 5.76 1.62 7.77 375
Hamdeok2 11 12.90 8.11 10.27 2.02 12.19 8.34
Namweon 10 2.18 1.53 1.81 0.19 2.01 1.61
Sinheung 10 0.48 -0.28 0.11 0.29 041 -0.19
Taeheung 4 0.37 -1.20 -0.55 0.82 ID ID
Sinheung?2 10 2.79 1.28 1.85 0.46 IFP IFP
Euigwil 10 4.65 2.19 2.83 0.71 3.56 2.10
Euigwi2 10 14.44 9.98 11.88 1.29 13.21 10.55 135.7 mm
South Sinrye 10 48.51 40.95 43.75 2.34 46.15 41.35 (Seogwipo
Topyeong 9 176.92 174.85 175.65 0.65 176.37 174.93 Station)
Bomok 5 7.21 3.36 4.80 1.60 8.10 1.51
Yerae 2 22.50 2249 22.49 0.01 ID D
Jungmun 9 75.63 53.85 67.06 9.24 77.39 56.73
Yongheung 13 54.57 37.90 43.64 434 4731 39.96
Hwasun 21 4.14 38.34 34.21 1.19 36.83 35.35
Gimnyeong 2 0.40 0.39 0.39 0.01 ID ID
Sangdo 8 2.99 2.52 2.82 0.18 3.04 2.60
Seogimnyeong 8 0.21 0.83 0.99 0.14 1.16 0.82
Handong! 8 2.76 1.64 2.04 0.41 2.55 1.54
Handong?2 5 1.91 1.78 1.86 0.05 1.96 1.76
Handong3 8 271 234 248 0.12 2.63 2.34
Handong(per) 10 3.89 3.08 3.56 0.29 3.86 3.26
Haengweonl 12 270 222 2.52 1.56 2.66 2.38
Haengweon2 12 0.98 0.33 0.52 0.13 IFP IFP 135.2 mm
East Handong4 2 5.39 538 5.39 0.01 ID 1D (Seongsanpo
Goseong 2 0.64 0.47 0.55 0.12 ID ID Station)
Nansan 3 1.16 1.11 1.14 0.03 D D
Susan! 2 0.90 0.82 0.86 0.05 ID ID
Susan2 2 1.01 0.97 0.99 0.03 ID ID
Susan3 2 1.68 1.61 1.65 0.05 ID ID
Susan4 2 2.36 2.20 2.28 0.11 ID 1D
Sinyang 8 0.65 0.44 0.55 0.08 0.65 0.46
Hacheon 2 0.45 0.45 0.45 0.00 ID 1D
Sinheung! 10 6.24 1.73 4.12 1.88 6.04 2.19
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Table 4. Continued

Name of Number of Confidence Level of 99% Basis
Basin .. Data Set Max. Min. Mean St dev. .
Monitoring Wells (ea) Upper Limit Lower Limit Rainfall
Anseong 19 21.10 12.17 16.37 2.70 18.15 14.59
Geumak - 9 75.09 68.27 72.61 2.07 74.92 70.29
Gosan 13 5.07 2.47 3.83 0.92 4.61 3.04 85.2 mm
West Nakcheon 21 24.08 16.95 20.62 230 IFP IFP {Gosan Sta-
Hanweon 2 12.65 11.39 12.02 0.89 ID ID tion)
Suweon 13 0.81 -1.20 0.08 0.70 -0.51 -0.34
Myeongweol 11 11.90 8.36 9.89 1.22 11.06 8.73

'IFP: irregular fluctuation pattern, 2ID: insufficient data
Units are El. m unless otherwise noted.

FAoA AstchFig. 2).
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PEAEE Felsld 7B BARMES AT E5t
B4 oAk B2 289 99% AE|FRe ARk A
3 B8t gke ARksligen, £ AT st 3k
400 AREE 7 Ry BSLE| TE AseelE A
A THTable 4).
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Table 5. Proposed Management Groundwater Levels (Unit : El. m)

¢

folol s B2 NS Tekslel 2 A7)
Aeieh ATl AR B4 ZUE AEHAT. £
7} folo) Tk 293 olskz MIY ot ASE TRt

Se) BEAE HEow BARMS ANT 5 U2
W 16 B9 5] W] BREsH veRt 14
o] ERH Y B3 L AP e ol ekd
o BERE 71 Asks) AoV Astslck. ol w
2} & ol HEHos B sl BEE ol
% 32 B2l Tiske] 71E B ARSI,

%

34 X34 B2l4elel 4
AFmSIA ob 71Eo] A& A ASe AR 24

. Name of Basis Ground-water Alternative Alternative

Basin ..
Monitoring Wells Level 1% Step 2™ Step 34 Step 1% Step 2™ Step 3 Step
Sanggwi 13.66 ) 10.25 6.83 342 8.20 5.46 273
Yongdam 5.86 4.40 2.93 1.47 3.52 234 1.17
Donam 10.73 8.05 5.37 2.68 6.44 429 2.15
Yeondong 11.88 8.91 5.94 297 7.13 4.75 2.38

North Ido 2.57 1.92 1.28 0.64 1.54 1.03 0.51
Oedo 9.25 6.94 4.62 2.31 5.55 3.70 1.85
Hamdeok 0.73 0.55 0.37 0.18 - 0.44 0.29 0.15
Sinchon 1.14 0.86 0.57 0.29 0.68 0.46 0.23
Daeheul 3.75 2.81 1.88 0.94 225 1.50 © 075
Hamdeok 8.34 6.26 4.17 2.09 5.00 334 1.67 .
Namweon 1.61 1.21 0.81 0.40 0.97 0.64 0.32
Euigwil 210 1.58 1.05 0.53 1.26 0.84 0.42
Euigwi2 10.55 7.91 5.27 2.64 6.33 422 211
Sinrye 41.35 31.01 20.67 10.36 24.81 16.54 8.27

South Topyeong 174.93 13120 87.46 4373 104.96 69.97 34.99
Bomok 1.51 1.13 0.75 0.38 0.91 0.60 0.30
Jungmun 56.73 29.97 19.98 9.99 23.98 15.98 7.99
Yongheung 39.96 42.55 28.37 14.18 34.04 22.69 11.35
Hwasun 35.35 26.51 17.68 8.84 2121 1414 7.07
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Table 5. Continued
Basin Name of Basis Ground-water Alternative Alternative
Monitoring Wells Level 19 Step 2™ Step 3¢ Step 1% Step 2" Step 3% Step
Sangdo 2.60 1.95 1.30 0.65 1.56 1.04 0.52
Seogimnyeong 0.82 0.61 0.41 0.21 0.49 0.33 0.16
Handong! 1.54 1.15 0.77 0.39 0.92 0.62 0.31
Handong?2 1.76 1.32 0.88 0.44 1.06 0.70 0.35
East Handong3 2.34 1.75 1.17 0.59 1.40 0.94 0.47
Handong(per) 3.26 2.45 1.63 0.82 1.96 1.30 0.65
Haengweonl 2.38 1.79 1.19 0.60 143 0.95 0.48
Sinyang 0.46 0.34 0.23 0.12 0.28 0.18 0.09
Sinheungl 2.19 1.64 1.09 0.55 1.31 0.88 0.44
Anseong 14.59 10.94 7.30 3.65 8.75 5.84 292
West Geumak 70.29 52.72 35.15 17.57 42.17 28.12 14.06
Gosan 3.04 228 1.52 0.76 1.82 1.22 0.61
Myeongweol 8.73 6.54 4.36 2.18 5.24 3.49 1.75
Anseong Monitoring Well Myeongwol Monitoring Well
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Fig. 3. Example for determining the management groundwater level (Alternative).
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